A case report and review of literature.
Introduction
Kyphoplasty is the standard of care to increase vertebral height, reduce pain, improve mobility and function in the treatment of osteoporotic vertebral compression fractures [1] [2] [3] .
Although successful outcomes are reported well over 90%, complications reported in the literature include cement leakage, infection, neurologic complication, hemorrhage, and pulmonary embolism [4, 5] .
New strategies have been employed to reduce complication rates, such as more viscous cement, specifically with an altered monomer-topowder [6, 7] . Overall, kyphoplasty restores vertebral height well, and the complication rates are low [8] .
Case Presentation
A 69-year-old male has a known past medical history of chronic obstructive pulmonary disorder, carcinoma of the lung surgically treated with partial left lung resection, and acute inferolateral myocardial infarction managed conservatively with aspirin and beta blockers. He underwent uncomplicated multilevel kyphoplasty from vertebral compression fractures at the levels of T9 to L1, and the patient went home the same day without complication.
Two weeks after his procedure, the patient experienced a traumatic back pain when he was rising from a commode. A MRI demonstrated a L4 compression fracture and a decision was made to perform kyphoplasties from L2-L4 ( Figure 1 ).
During the procedure, the patient was positioned prone under general anesthesia and standard transpedicular approach has been utilized to access the vertebral bodies posteriorly. Balloon reduction for all six sites accommodated 6 cc of volume with low recorded pressures 3). The patient had all 6 cannulas removed; the wounds were dressed and the patient turned for immediate cardiopulmonary resuscitation. Despite best efforts to revive the patient, he was declared dead after 20 minutes of attempted cardiopulmonary resuscitation.
Results
Autopsy report obtained from the coroner's office cited the cause of death as a pulmonary fat and bone marrow embolism. Upon gross examination of the lung sections, the pulmonary arteries were noted to be free of thromboemboli and patent, and no cement emboli were found. Microscopic examination revealed a fat and bone marrow embolism. This suggests that a majority of the embolism passed and/ or dissolved.
Discussion
In a study identifying 858,978 verterbral compression fracture patients in a Medicare population, the operative cohort, comprised of 119,253 kyphoplasty patients and 63,693 vertebroplasty patients, respectively, demonstrated a 37% higher survival rate at four years follow up. Within the operative cohort, the kyphoplasty group demonstrated a 7.29% higher adjusted survival rate at 3 years compared to the vertebroplasty group [9] . Increased survivorship of patients who have undergone operative management of vertebral compression fractures suggests that the benefits of kyphoplasty outweigh the minimal risks the procedure yields.
In a cadaveric study specifically measuring the intravertebral pressures, it was noted that central vertebral pressure was significantly higher in vertebroplasty compared to kyphoplasty. However, a relative increase was consistently reported at the late phase when the injected volume was noted to exceed volume of the cavity created with the balloon tamps [10, 11] . In contrast, Ryu et al. suggests that the etiology of cement leakage is multifactorial and not only related to increasing intravertebral pressure [12] . Although restoration of vertebral height and the creation of a potential space in balloon kyphoplasty decreases the needed pressure to inject cement, leakage may occur once the intravertebral pressures approach the endpoints achieved by the end of the procedure.
The suggested method of avoiding increased end injection pressure is to leave cannulas in both pedicles during cement injection. The cement is injected through the "inlet "cannula on one side, allowing the blood and fat to escape through the second "outlet" cannula on the opposite side. This venting is reminiscent of the older venting technique used with early style cementing of the femoral prosthesis in early total hip arthroplasty procedures [13] . When cement creeps up the outflow cannula, the surgeon recognizes the endpoint of cement injection and withdraws both cannulas; allowing the cement to cure in situ. It is thought that an "outlet cannula" prevents intravertebral pressure gradients from approaching the maximums yielded by Wiesskopf et al. [10] .
Conclusion
Control of cement extravasation and prevention of embolism is especially important in a medically tenuous population with minimal cardiopulmonary reserve. The venting modification has since been adopted as the local standard of practice, and the authors, combined with their local colleagues, have collectively performed in total over 1000 kyphoplasties without any resulting in perioperative mortality or morbidity.
